
t’

1,

I

.

NATIONAL ADVISORYCOMMITTEE
FOR AERONAUTICS

TECHNICAL NOTE 3535

FLIGHT INVESTIGATION OF THE SURFACE-PRESSURE

DISTRIBUTION AND THE FLOW FIELD AROUND A

CONICAL AND TWO SPHERICAL NONROTATING

FULL-SCALE PROPELLER SPINNERS

By Jerome B. Hammack, Milton L. Windier,
and Elwood J?. Scheithauer

Langley Aeronautical Laboratory
Langley Field, Va.

Washington

September 1955

. .

I
i

~ ,“< ~ ~J--,
---- ---- . . . ... . ..- ... .. . . -------



1A

TECHLIBRARY KAFB,NM

NATIONAL ADvtsom Cohmlm!rm FoR AERorw.mcs Iulllllllllllllllullm
011LL5110

TECHNICAL I?OTE3535
.,

FIZGET INVESTIGATION OF TEE SURFACE-PRESSURE

DISTRIBUTION AND THE FWW FIELD AROUND A

CONICAZ AMD TWO SPHERICAL NONROTATIMG

FULL-SCAIE PROPELLER SPIMMERS

By Jerome B. Hmmack, Milton L. Windier,
and Elwood F. Scheithauer

A flight investigation has been made on three nonrot@ing ftLZl.-
scale prope~r spinners at free-stream =ch numbers of 0.70 to 0.96 to
determine the surface-pre8suredistribution and the magnitude and radial
extent of the influence of each spinner on the local flow field. One
spinner was a conventional conical spinner. me other two spinners had
conical forebcxliesand spherical midsections that provided a mechanically
simple means of affording an aerodynamically clean blade seal.

The departure from stream conditions h the propeller plane of the
conical spinner and the 600 spherical spinner extended beyond the
1.g-spinner-radius S*tiOIlj whereas, with the 45° spherical spinner,
stream conditions were reached at the 1.y-spinner-radius station. High
peak negative pressure coefficients occurred over the spherical section
of both spherical spinners between the cone-sphere juncture and the
blade center line. The local surface Mach nunikrs in this region are
approximately 0.4 higher thau that at free-stream Mmh nuniberof O.~.
The effect of yaw on both the surface-pressure distribution and the
local flow field was investigated over the top and bottom surfaces of
the 45° spherical spinner and was found to be small for the test
conditions.

Unfavorable flow separation occurred over the rear portion of the
spherical spinners. KIMs flow se~tion caused mild buffeting of the
airplane abum a fi-ee-stieamMmh nuuiberof 0.72 with the 600 spherical
spinuer and above O.@ with the 45° spherical spinner.
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INTRODUCTION.

The present trend in propeller design

NACA TN 3535

is toward wide blades of
high solidity, and analytical studies and wind-tunnel tests indicate
that such propellers maintain good efficiency at transonic and super-
sonic speeds. b these studies -d tests, however, the blades are
faired into the spinners to form smooth junctures with no provision
for pitch change. In actual flight where pitch changes are necessary,
the wide blades of transonic and supersonic propellers create a complex
problem of effecting a good spinner juncture. A common a~roach to the
solution of this problem is to fair the blade rapidly to a round sec-
tion before entering the spinner. Investigations (refs. 1 and 2) have
shown that the transition for the fkee blade to rouud sections at the
blade shank causes an appreciable loss in propeller efficiency. The
ideal aerodynamic approach is to continue the efficient blade sections
to the spinner surface. The mechanical problems associated with
propeller-blade sealing, however, are much more difficfit when this
approach is used.

A mechanically simple means by which a smooth juncture is obtained
has been studied by the ~tional Advisory Committee for Aeronautics;
a mock-up of a spherical spinner-blade combination which illustrates
the principlk involved is shown in figure 1. The blade is mounted on a
sphere wMch has had the front portion cut off and replaced by a cone
and has had the rear section removed for fit with the fuselage. The
blade is fitted to a seal that is clamped to and rotates with the blade
so that at all blade angles the spherical surface is mdntained.

A flight research program to investigate propeller blades using
spinners that incorporate spherical sections so that there wilJ_be no
aerodynamic penalties arising from changes in juncture geometry has
been undertaken. Three nonrotating spinner configurationswere fabri-
cated and investigations of the air flows over these spinners were made.
These three spinners were a conventional conical design, a spinuer with
a 17.5-inch-radius spherical center section and a 600 cmical section,
and a spinner with a 15.2-inch-radiua spherical center section and a
45° conical section. The purpose of this paper is to present the
results of flight investigations of the surface-pressuredistribution
and flow field around the three nonrotating full-scale spinner
configurations.

Calculations of the values of local Mach nuniberare based on the
assumptions of no shock formation off the spinne”rand constant values
of total pressure. These assumptions are considered to be valid for
values of first-order magnitude.
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NACATN 3535

SYMBoIls

3

H total pressure, lb/sq ft

P static pressure, lb/sq ft

‘% free-stream impact pressure, % - Po, @sq ft

P~ - P.
static-pressure coefficient,””—

%

M M3ch nuriber

$ angle of yaw, deg

1 msximum spinner length, in..

r radius from spinner center line, in.

‘b
spinner radius at blade center line, in.

x distance along spinner center line, in.

Y distance from spinner surface, in.

Z=rb+y, in.

Subscripts:

0 free stream

2 local

SPINNER CONFIGURATIONS

Three nonrotating full-scale dummy propeller spinners were con-
structed and tested in flight on ‘apropeller resesrch airplane. The
details of the conventional conical propeller spinner are shown in fig-
ure 2. The other two spinners had spherical midsections and were very
simikr except that one had.a cone an@e of 600 (see fig. 3) and the
other had a cone angle of 45° (see fig. 4). These spinners are desig-
nated the 600 spherical spinner and the 45° spherical spinner, respec-
tively. Photographs of the three sp~ers insta12.edon the test air-
plane are presented as figures 5 to 7.
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over

INm!R~TIon

Surface-pressuremeasurements.- The static-pressuredistributicms
the upper and lower surfaces of each spinner were obtained by

,.

measuring the difference in static pressure between each spinner orifice
and a reference static pressure obtained from a l-chord-lengthwing-tip
airspeed installation using standard I?ACApressure recorders. The
position error of the reference static-pressure system was found to be
negligible over the Mach nuuiberrange by previous tests on the airplane.
Pressure-kg errors in the stati&pressure lines resulting from rapid
chauges in altitude were avoided by conducting the tests at relatively
constant altitude.

Measurement of the local static-pressure field.- The local static-
pressure field axound each spinner was measured at the blade center-
line station (figs. 2 to 4) with static-pressure survey rakes installed
on the 10° and 1900 meridians of & conical spinner, the 356° and 176°
meridiams of the 600 spherical spinner, and the 3500 and 1700 meridians
of the 45° spherical spinner. (The 0° meridian is on the upper surface
and the angles are measured clockwise as seen from the tiont of the
airplane.) These rakes were offset from the vertical plane to avoid
interference with the surface-pressuremeasurements. The probes on
each rake were located the following distances from the spinner surface:
0.5, 1.0, 1.5, 2.5, 3.5, and 5.5 inches (fig. 5). ~ch probe was ref-
erenced to the static-pressure source that was used for the surface-
pressure measurements.

The survey-rake installation on the spinuers was made with the
static-pressureprobes allned with the local surface. The possibility
of rake misalinement with the local flow was investigated on the 600
spherical spinner at free-stream Mach numbers of 0.40 and 0.58 by
bending the third and fifth probe on each rake inward 10o toward the
spinner surface. Although this bending moved the probes into a mcme
negative static-pressurefield,“the increase in negative pressure meas-
ured was greater than that which should result from a change in probe
distance from the spinner surface alone; thus, bending the probes
introduced a position error into the measured static pressure. The
original installation with the probes paralkl to the local surface
(fig. 6) was used during the tests since the rakes were more nearly
alined with the fluw. l!heflow-misalinement error of this installation
is probably within 5° and the resulting error in pressure coefficient
is of the order of 1 prcent.

Measurement of angles of attack and yaw.- llheconical forebodies of -
the spinners were uti~zed to measure the angle of attack u by use of 6

u
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the followiag relationship:

5

where Ap’ is the pressure differential between orifices on the upper
and lower surfaces at the same value of x/z and k is an ~rimental
constant based on reference 3 and unpublished wind-tunnel data. A con-
s-t of 0.0360 was USed for the c-- SP*, 0.0450 for the 60°
spherical spinner, and O.03% for the 45° spherical spinner. For angles
of yaw, the same.values of k were used but the pressure differential
was-tak between the 90°’and 270° meridians.
of attack and yaw were estimated to be withh

TESTS

The local static-pressurefield over the
at mch n-s of 0.70 to 0.96 and altitudes
33,000 feet by measuring the surface-pressure

Tk& errors in the angles
to.5°.

spinners was investigated
between 20,000 and
distribution and the

local static-pressure field around the sphner.

The effect of yaw on the flow field around tie 45° spherical
spinner was investigated at ~ of 0.65 by sides~pping the airplme

to obtain yaw variations of approximately

RESULTS

Surface Static-Pressure

~50.

Distributions

Conical spinner.“-!@e stptic-pressuredistribution over the sur-
face of the conical spimner is presented in figure 8 as the variation
of static-pressure c&?icient ‘Ap/~ with or~ice station x/Z for

flight Mach nuuibersfrom 0.70 to 0.96. Each curve was obtained by
averaging the static pressures measured along the Oo and 1800 meridians
in order to compensate for the effect of angle of attack which varied
from about 0.5° to 1.60 throughout the tests. k@_es of yaw during the
tests did not exceed ~. 70 and were considered to have no appreciable
effect on the measurements.

450 Spherical spinner.- The variation of static-pressure coeffi-
cient Ap/~ with orifice location x/Z for fl@ht Mach numbers from

O.n to 0.96 are shown in f&ure 9 for the 45° spherical spinner. Where

-—--- ._. _ __. . ______- _ .—___ ___ -—-— —-—--—-———— -- — -—.
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it was possible to obtain values of the 0°- and 1800-meridian orifices
the data were averaged; some points, however, represent the pressures
obtained at only one orifice. (The points at which there is only one
orifice are shown in fig. 4.) l%a differences due to the angle-of-
attack variations ~ienced in the tests were found to be small. The
effect of yaw up to ~50 on the measured static pressures at a Mach num-
ber of 0.65 is shown in figure 10. At the higher test Kch nunibers,
the amount of yaw ~rienced in the tests was of the order of 1° and
was neglected.

60° S@lf3ri~ S@IIJlero - The static-pressurevariations over the
. surface of the 600 spherical spinner for fl@ht Mach numbers from 0.70

to O.~ are presented in figure Il. Because this spinner had the
largest cone angle of the three spinners tested, the differences in

*,

pressures measu&d along the 0° & 180° meridi&ns were
large, and both sets of measurements are presented.

Radial Variation of Local Mach Mimiber

Along Bhde Center Line

relatively

conical sp*. - The influence of the conical spinner on the b’
local Kch nudber at the bfi center Id.neis presented in figure M? .
as the variation of the ratio of local “Machnuniberto flight l&ch num-
ber 1$1~ tith radial position z/~ for flight M3ch numbers of 0.70

to 0.96. !Chevalues presented are the average between the rakes on the
10° and 190° meridians in order to compensate for the effect of angle
of attack. The angle-of-yaw variation was m and its effect was
negligibk.

45° spherical spinner.- The local M9ch nuuibervariation B$/~
with radial position z/~ along the b- center line is presented

in figure 13 for flight ~ch nuuibersfrom O.~ to 0.96. The curves
are averages for the 350° and 1700 meridians and the effeet of angle
of attack is small. T& effect of nw on the local Mach nuuiberdistri-
bution is presented in figure 14 f& angles
hiil~ch nuniberspresented in figure 13,

.

60° spherical spinner.- !l!helocal M4ch
with radial position z/~ along the blade

of yaw of about 5°. At the
theangleofysw was

nunibervariation M~/Mo
center line is presented

for flight M3ch nuuibersof 0.70 to O.$Yjin figure 15.
sented are for the.3560 and 176o meridians since there
lsrge difference between the upper and lower rakes.

The curves pre-
is a relatively

..- .- ——— .—
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Surface-Static-PressureMstribution

1

Some features of the static-pressure distributions over the three
spinuers could be anticipated from the~ and wind-tunuel tests. For
example, the conical spinner has peak positive pressure coefficients
at the nose whidh decrease as the “flowaccelerates uver the spinner
(fig. 8). This is also true for the conical forebodies of the two
spherical spinners. The increases in cone angle result in more positive
pressure coefficients. The spherical center sections of these spinners
cause hQh peak negative pressures between the cone-sphere juncture and
the blade center line (figs. 9 to I.1). The magnitude of these peak
pressure coefficients is approximately the same for both the 450 and
600 spherical spinners at corresponding Mach nunibers. Blockage of the
lower spinner surface by the air inlet and the oil cooler duct and a
sma~ angle-of-attack effect have a l-ar&erinfluence on tie 600 spheri-
cal spinner than on the other two spinners; this influence is reflected
in the variation between the 0°- and 1800-meridian pressure coefficients.
The effect of yaw was found to be small on the 45° spherical spinner.

The flow is supersonic in the peak-negative-pressureregion abuve
~ = O.~ on both spherical spinners. The flow is decelerating rapidly
over the rear portion of the spherical spinners and eventually becomes
subsonic again. h, this resx region, the 45° spherical spinner has
pressure coefficientswhich are more positive by about 0.1 at alJ forward-
fli~t ~ch nuuibersthan those on the 600 spherical spinner.

Separation occurs over the discontinuities at the rear of the
spherical spinners and causes very mild buffeting at the higher flight
~ch numbers. Buffeting occurred at ~ above 0.72 with the 600 spher-

ical spinner and above 0.83 with the 45° spherical spinner. A trend
common to all three spinners over the region forward of the blade center
line is the tendency toward more positive pressure coefficients with
increases in flight Mmh nuniber. A comparison of the maximum local
lhch ntiers at ~ = O.~ shows that the spherical spinners have about

am of 1.35 and the conical spinuer has a Ml of O.& (at the blade
center We) .

Radial Variation of Local Mach Number

Along Blade Center Line

The 450 spherical spinner produces a local Kch nuniberincrease at
the 1.03-spinner-radiusstation of less than 5 percent of that of the free
stream at the higher test l@ch nmibers and reaches free-stream veloci~ at

.. —.-— ----- -—. —.. _ -——. -—-. — —- —— .—
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about the 1.3-spinner-rad,iusstation. The departure from free-stream
A

conditions of both the conical sp* and the 600 spherical spinner
stilJ.exists at the 1.3-spinner-radiusstation.

.
However, the local

M3ch nuder variation for tie conical spinner is still relatively small,
u

being of the order of 10 to 15 percent lower than that of the free-
stieam Mach nuniber. The 600 spherical spinner has local ltmh nuniberq
higher than the free-stream ~m n@x3rs ‘by15 to 35 percent; this cm-
dition would alter the thrust distribtiion of the propelhr blade if
it were not accounted for.

Another point to be noted in local Mach number variation of the
600 spherical spinner is the large difference between the 3560- and the
1760-meriw rLLIH. Tbis difference is believed to be due to the fact
that the flow below the spinner where the &tc and oil cooler inlets
have a greater effect is different from that on the other two spinners.

Yaw has a large effect on the rakes on the k~” spherical spinuer
but, at the small yaw angles experienced during the tests (except for
those specifically designed to investigate yaw), yaw effects are assumed
to be negMgible. ~s assumption applies to -theconical and 600 spher-
ical spimners also.

CONCLUDING REMARKS

The surface-static-pressuredistribution and the magnitude and
radial extent of the influence of each spinner on the local flow field
around a full-scale nonrotating conical spinner, a 45° spherical spinner,
and a 600 spherical spinner were determined in flight at Mach nuuibers
from 0.70 to 0.96.

The data presented hereti are especiaUy useful ti determining
tiboard pitch distributions of blades to be operated with spinners of
similar shape. k s- cases, & alteration of local flow may be of
sufficient magnitude to cause negative section angles of attack if its
effect is not accounted for.

.
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me departure from free-stream conditions of the conical and 600
spherical spinners in the propeller plane extended beyond the l.3-spinner-
radius station whereas, with the 45° spherical spinner, stresm conditions
were reached at the 1.3-spinner-radius station.

my Aerox=utical Mloratory,
I@tional Adviso~ Committee for Aeronautics,

-Y meld, Va., July 5, 1%5.
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Figure 14. - Effect of yaw at ~ of 0.65 on the flow field at various

values of spinner radius. The 45° spherical spinner.
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Figure 15. - Variation of local Mach nunhr with radial distance. The
600 spherical spinner. “
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Figure 15. -
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Continued.
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Figure 15.- Continued.
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